namic behavior of biomolecules.
5-7 However, the signal 23 can only be obtained at a finite accuracy and for a finite 24 acquisition time due to the presence of noise. Therefore,
25
the measurement noise is a critical factor that determines 26 both the minimum detectable force gradient and the scan 27 speed in AFM.
28
To determine the noise in AFM, the thermal noise 29 spectra of oscillation amplitude has been usually mea- signal-to-noise ratio because the thermal noise is also am-plified by Q-control in AM-AFM. 10 On the other hand, 
74
where k 0 and Q are the spring constant and the qual- 
79
The experiments were performed with our home-built age by a preamplifier, and a lock-in amplifier (SR830,
91
Standard Research Systems) decomposed the output into 92 amplitude and phase, which are recorded by a computer.
93
The signal passed through the preamplifier was fed back 94 to the driving signal to the QTF via our home-made feed-95 back circuit to control the quality factor. tude is sufficient to be a measure of noise.
119
We now consider the response of QTF under Q-control. quality factor without Q-control, Q = 6070, by control-
124
ling the gain and of the feedback circuit. It was found 125 that the peak amplitude grows as Q eff increases in the 126 inset of Fig. 2 , which is consistent with the literature.
127
We had a close look at the phase curve affected by Q- onance frequency, which is given by
138 is proportional to the effective quality factor, Q eff , and force gradient. given by 
181
The thermal noise on phase calculated using Eq. (7) is 182 also represented in Fig. 3 . It implies that thermal noise 183 is dominant in this experiment, and that the effective 184 quality factor Q eff does not employed instead of Q in Eq.
(7).

186
Now we take a look how Q-control affects the inter- 
203
This is an author-produced, peer-reviewed version of this article. proportional to Q eff under the same phase fluctuation δθ.
215
Then the relation the noise on interaction stiffness with 216 Q-control δk int and without Q-control δk
int is given by
218
The result shown in Fig. 4 
